1,2-Bis{2-methyl-5-[(E)-(2-thiocarbamoylhydrazono)methyl]furan-3-yl}perfluoro-
cyclopentene (2), (TSC): 1 (50 mg, 0.13 mmol) and thiosemicarbazide (23 mg, 0.26 mmol) were dissolved in hot EtOH (10 mL) with a few drops of pure acetic acid.
The reaction mixture was stirred for 24 h at rt and was poured into water (30 mL) and filtered. After washing with cold EtOH (3 mL) and drying, 61 mg of dark-brown crystals were obtained. 
1,2-Bis[2-methyl-5-(2,2-dicyanovinyl)furan-3-yl]perfluorocyclopentene, (MN):
To a solution of 1 (50 mg, 0.13 mmol) and of malodinitrile (18 mg, 0.28 mmol) in benzene (5 mL) was added piperidine (2 drops), and the mixture was stirred for 48 h. The organic solvent was removed in vacuo and the oily residue was filtered through a silica column with hexanes/EtOAc 1:1 as eluent. 
Sample calibration and statistics
The data presented in the manuscript have been recorded from a total of approximately 50 break-junction samples. Out of these samples roughly 20 were used for distance calibration in air and the various solvents. We recorded stretching and relaxing curves and determined the distance scale by fitting to the functional dependence for vacuum tunnelling along the lines of Grüter et al. [S1] . Our break-junction setup is designed to achieve a maximum life-time of single-molecule junctions. A drawback of this highstability design is that it enables only rather slow stretching and relaxing speeds on the S7 order of 0.1 nanometres per second, at most. This enhances measuring time to a few minutes per stretching and relaxing cycle. Additionally, the rather soft polyimide insulation layer between the metal substrate and metal electrodes undergoes a creeping motion that limits the total measuring time to a few hours. Because of the creeping, the bending angle at which a particular electrode distance is obtained drifts to higher values, such that the elastic deformation limit of the substrate is reached and no further bending is possible. These two factors restrict the total number of deformation cycles per sample to a few hundred.
For measuring the molecular contacts we used fresh samples with nominally the same geometry assuming the same mechanical behaviour as in vacuum. This sets the error bar for the distance scale to roughly 30%. Finally, 22 samples were used to investigate the molecular contacts with varying lifetimes and therefore varying distribution over the individual species, (Table S1 ). We started the measurements by recording stretching and relaxing curves for training the electrodes and forming narrow metal tips, indicated by steps on the order of the conductance quantum when the conductance is on the order of a few quanta. This training is performed at air or directly with the molecular solution, because we observed an even stronger drift of the breaking point of the electrodes in the solvent. Simultaneously the shape of the current-voltage characteristics recorded in the solvent developed pronounced nonlinearities (see below). Both observations indicate the formation of disordered gold contacts and chains stabilized by incorporating carbon atoms resulting from the solvent [S2] . After this training a few hundred of these stretching/relaxing cycles were performed before we started recording the current-voltage characteristics (I-V's). The described ageing effect limits the maximum amount of data that can be obtained from one sample.
Because of this effect, it was not possible to establish single-molecule contacts that showed the typical s-shaped I-V's for all samples, hence reducing the number of S8 successful samples as indicated in Table S2 . We stopped measurements of a given sample when no plateaus at 1 G 0 could be observed any more. Table S1 : Number of electrode devices used for the data reported in the manuscript.
We usually started our measurements by recording stretching/relaxing curves and then continued with the measurement of the I-V measurements. For some devices only stretching/relaxing curves were recorded. For all species we recorded continuous stretching/relaxing curves, i.e., without interruption of the motion. We applied a dc voltage of 100 mV. The initial value of the gold junctions before breaking is on the order of 300 to 500 G 0 . The junctions are stretched by bending the substrate until the conductance drops below 10 −8 G 0 . The motion direction of the breaking mechanism is then reversed and the junctions are relaxed until the junction conductance arrives at a conductance of at least 100 G 0 . This procedure is repeated up to a few hundred times. The MCBJ setup is optimized for maintaining single-molecule contacts constant over several minutes. Figure S3 shows the results for TSC in IPA, Figure S4 for 4Py and Mn. Junctions with conductance values covering the whole range from 10 −7 G 0 to 10 G 0 are observed. We do not observe pronounced differences between the histograms for stretching and relaxing, S12 except for the fact that more data is recorded for lower conductance values G < 10 −7 G 0 when relaxing the junction. This is, however, an artefact of our measurement protocol as described above. There are no clear maxima in the histograms in the open state but an enhancement of probability for conductance values above 10 −2 G 0. In the stretching histogram of the closed form we observe a pronounced minimum around 10 −2 G 0 . The relaxing histogram of the closed form features a higher probability for rather low conductance ~10 −5 G 0 .
Testing the fit procedure
To determine  L ,  R and E 0 , we fitted the measured I-V curves with the expression for the current obtained from the Landauer formula as described in Equation 1 Furthermore, we tested the quality of the fit regarding its functional dependence. As discussed in [S3] , for small voltages, Equation 1 can be expanded into a sum of a linear and a cubic term of the voltage as:
Both prefactors A 1 and A 3 depend on  L ,  R and on E 0 in a unique way, implying a correlation between them [S3] . If the I-V does not correspond to the functional shape 
Current-voltage characteristics of the solvents Tol and THF/Tol
We performed control experiments in the pure solvents Tol and THF/Tol and occasionally also observed s-shaped I-V's. As explained in section 2 these occurred after repeated stretching and relaxing of the electrodes in the junction. Examples are given in Figure S5 . The fitting parameters of symmetric I-V's are shown in Figure S6 together with those for MN and 4Py. While the coupling constants are in a similar range as for the molecular junctions, the corresponding E 0 are not, enabling us to distinguish molecular contacts from "solvent" contacts. We believe that these contacts correspond to disordered metal contacts in which residues from the solvent are incorporated into the metal, as described in [S2] . In the solvent ethanol no fittable I-V's could be recorded, presumably due to the hygroscopic and polar properties of the solvent, enhancing the probability of electrochemical reactions during sweeping.
Reducing the voltage range to 0.5 V or less resulted in unreliable fitting, i.e., the fit results were strongly dependent on the fit range. parameters that are clearly out of the physically expected range for solvents, i.e.,  > 0.5 eV and/or E 0 > 1.5 eV. They furthermore did not fulfil the criteria described in section S6, i.e., the fit parameters showed a pronounced dependence on the fit range and linear conductance was not well described by the fitted function. The fit parameters for the examples in the lower panel are given in Table S3 below. 
S14

S15
Current-voltage characteristics of TSC in THF/Tol
In order to test whether the properties of the junctions that were formed depend on the solvent, we investigated the species TSC in a mixture of 50% tetrahydrofuran and 50%
toluene. Within our statistics we did not find characteristic differences in the data recorded for TSC in ethanol. Figure S7 displays examples of I-V's and their fittings with the single-level model. The fitting parameters are indicated in the figure caption and in Table S3 . 
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Best-fit parameters of all current-voltage characteristics displayed
in the manuscript and the Supporting Information Table S3 : Best-fit parameters of the I-V characteristics shown in Figure 2 of the manuscript and Figure S5 and Figure S7 . 9. X-ray single-crystal structure determination
Materials and Methods
Data collection for X-ray structure determination was performed at a STOE IPDS-II diffractometer equipped with a graphite monochromated radiation source ( = 0.71073 Å), an image plate detection system, and an Oxford Cryostream 700 with nitrogen as coolant gas. The selection, integration, and averaging procedure of the measured reflex intensities, the determination of the unit cell by a least-squares fit of the 2 values, data reduction, LP correction, and the space group determination were performed by using the X-Area software package delivered with the diffractometer. A semiempirical absorption correction method was performed after indexing of the crystal faces. The structures were solved by direct methods (SHELXS-97) [S3] Ellipsoids are plotted at the 50% probability level. (5) 701 (5) 49 (1) F (3A) 325 (2) 12008 (7) 3674 (4) 58 (2) F (1B) 1112 (2) 10820 (4) 2484 (7) 58 (2) F(2B) 731 (3) 10907 (5) 1341 (7) 53 (1) F(3B) 72 (3) 12724 (5) 3219 (5) 62 (2) O (1) 1257 (1) 5829 (2) 2657 (2) 33(1) N (1) 2070 (1) 2981 (3) 3212 (2) 49 (1) N (2) 3089 (1) 3788 (3) 94 (3) 69 (1) C (1) 2707 (1) 4157 (3) 637 (3) 48 (1) C (2) 2231 (1) 4609 (3) 1335 (3) 36 (1) C (3) 1914 (1) 5836 (3) 1028 (3) 37 (1) C (4) 1445 (1) 6494 (3) 1625 (2) 32 ( (2) O (1) 30 (1) 34 (1) 37 (1) 3 (1) 14 (1) 2 (1) N (1) 47 (1) 54 (2) 48(2) −2 (1) 16 (1) 17 (1) N (2) 48 (2) 95 (2) 72(2) −26(2) 32(2) −3 (1) C (1) 37 (2) 60 (2) 48 ( 
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